Twenty-six patients with variant angina pectoris (VAP) were studied 1) to determine whether the degree of ST-segment elevation and R-wave changes correlate with the development of arrhythmias; and 2) to evaluate the relationship between the prevalence of arrhythmias, the severity of coronary artery disease, left ventricular function and wall motion.
IN 1959 and 1960, Prinzmetal et al.' 2 delineated a variant form of angina pectoris (VAP) that primarily differs from Heberden's classic angina pectoris in that the pain is frequently spontaneous, occurs at rest, and is unrelated to physical activity or emotion. The pain in VAP generally lasts longer and may be more severe than in classic angina pectoris. Attacks tend to be cyclic, often recurring at a specific time of day. Episodes of pain are accompanied by transient STsegment elevation with reciprocal changes in the standard leads, as opposed to typical ST-segment depression. VAP has been reported3-7 in patients with normal coronary arteriograms,1 2, 8 as well as in those with angiographically demonstrated focal lesions that affect the proximal segment of the coronary arteries.
Abnormalities of rhythm and conduction may be associated with VAP. 6 16 During pain, the wide spectrum of reported arrhythmias includes secondand third-degree atrioventricular block,6' 7, 9, 10 ventricular tachycardia and ventricular fibrillation,10' 11 ventricular premature complexes (VPCs),13' 14 ventricular asystole'5 and atrial fibrillation. 16 We studied 26 patients with VAP to determine 1)
how the degree of ST-segment elevation and R-wave changes relate to the development of arrhythmias; and 2) whether there is a correlation between the prevalence of arrhythmias, the location and severity of coronary obstruction, left ventricular function and wall motion.
Materials and Methods

Patients
Twenty-six consecutive patients (21 men and five women ages 32-76) seen from 1970-1978 were selected for analysis. Selection was based on the occurrence of chest pain at rest and ST-segment elevation on the ECG during pain. Although 15 patients had multiple clinical episodes of VAP, only episodes that were accompanied by electrocardiographic recordings were included in table 1.
ECG and Arrhythmias
The ST-segment elevation of each patient was measured on the ECG, with the TP segment as the isoelectric line. Deviation was measured in millivolts to the nearest point at 0.06 second after the nadir of the S wave (when present) or from the Q wave. Of the leads reflecting subepicardial injury, the one showing the highest ST-segment elevation was used for measurement. During VAP, 24 of the patients were monitored through serial ECGs and two (nos. 7 Abbreviations: VTventricular tachyeardia; VPCs = ventricular premature complexes; VF = ventricular fibrillation; %AR = percentage change in R wave amplitude; VAP = variant angina pectoris. diocorder). Leads V2 and V5 were monitored in patient 7 and lead MV, was monitored in patient 22. When patients had repeated episodes of VAP, the greatest ST-segment elevation recorded during those episodes was used for statistical purposes in table 1. The arrhythmias and the magnitude of ST-segment elevation reported in table 1 represent data from the same episode of VAP. R-wave amplitude was measured in the leads showing the highest ST-segment elevation and, at its maximum change (during VAP), averaged from the isoelectric line to the peak of the R wave (in mm) for 10 consecutive beats. R-wave amplitude was compared before (R0) and during (Rj) episodes of VAP and expressed as the percentage change in R (%,AR) R -Ro _X 100 Ro We considered AR > 10% an increase, and negative change a decrease.
Left-heart Catheterization and Coronary Angiography
These procedures were performed using the Sones or Judkins technique.17 18 Left ventricular angiography was performed in the 300 right anterior oblique (RAO) view. Left ventricular end-systolic and enddiastolic volumes were measured from the RAO left ventricular angiograms, according to the modified method of Dodge,19 and a left ventricular ejection fraction was calculated. The coronary arteries were separated into branches in accordance with the reporting system of the American Heart Association.20 Coronary artery anatomy was reviewed by at least two investigators.
A coronary arterial score was determined for each patient according to the method described by while L2 was monitored (strip A). STsegment elevation (0.5 m V) developed at the peak of pain (strip B), and ventricular tachycardia degenerating into ventricular fibrillation also developed (strip C). After a short burst of ventricular flutter (strip D, continuous recording) and atrioventricular dissociation (strip E), a 300-W DC electric countershock restored sinus rhythm (strip F). A complete ECG taken 15 minutes after the beginning of the episode disclosed complete subsidence of the ST-segment elevation. Recording multiple leads revealed that the P wave was seen at the end ofthe T wave in strip F. Fb narrowings > 50% but < 90% in the same vessel; 4 = narrowing > 90% but not total obstruction; 5 = total obstruction of any coronary artery. The score of all major coronary arteries (right, left anterior descending and circumflex) are then added to obtain a score for the coronary angiogram. A score of 0-4 represents single-vessel disease, 5-9 double-vessel disease and 10-15 triple-vessel disease. The left ventricular angiogram was divided into five segments: I posterior. 2 diaphragmatic, 3 apical. 4 anterolateral and 5 anterobasal. The systolic contraction patterns were described as hypokinetic when the movement was less than normal, akinetic when no movement was seen and dyskinetic when paradoxical movement was seen.
Statistical analysis was performed using the twotailed t test for uncorrelated data and the chi-square test.
Results
Electrocardiographic Studies
At rest, 24 of the 26 patients had a normal 12-lead ECG in the absence of VAP. Patient 15 had complete left bundle branch block and patient 16 had complete right bundle branch block. During pain, concave STsegment elevations with upright T wave and reciprocal ST-segment depression in the standard leads were found in all patients. Elevation of the ST segment was seen in anterior and lateral leads (L1, aVL, V1-V6) in three patients, anterior leads (L1 and/or V1-V4) in 12 and inferior leads (L2, L3 and aVF) in eight.
R-wave amplitude compared before and during episodes of VAP increased . 10% in 10 of 12 patients with arrhythmias and in only six of 14 patients without arrhythmias (p < 0.05) (table 1). Within minutes after the cessation of pain and normalization of the ST segment, the R-wave amplitude reached the control levels. No statistical correlation was found between the magnitude of ST-segment elevation and %AR. During episodes of VAP, there was no change in the QRS axis on the 12-lead ECG among the 24 patients.
ST-segment Elevation and Arrhythmias
Of the 26 patients, 12 had severe arrhythmias during pain (group 1). The other 14 patients constituted group 2. In episodes of VAP, the ST-segment elevation ranged from 0. 15 VPCs) was found predominantly in patients who developed ST-segment elevation in anterolateral leads (seven cases) and in those developing ST-segment elevation in inferior leads (two cases). The high-degree atrioventricular blocks were seen with ST-segment elevation in inferior (two cases) as well as anterior leads (one case).
Coronary Arteriography
The results of coronary arteriography in 23 patients are given in table 2. Eight patients had normal coronary arteriograms and three developed coronary spasm before the selective injection of the coronary arteries. Of 12 patients with arrhythmias, nine had angiographic studies and one had a postmortem examination. Four patients had normal coronary arteries and six had significant proximal coronary artery obstructive disease (table 2). The arrhythmias were more commonly seen in the group with coronary artery obstructive disease (66%) than in the group with normal coronary arteriograms (44%). Sixteen patients had focal lesions (60-100% obstruction) that affected the proximal segments of the various coronary arteries. Only patient no. 13 had collateral circulation.
There was no significant difference in the coronary score between groups (p = NS) (table 3). The lack of correlation was apparent in the total group as well as the subset with coronary obstructive disease (table 3) . Table 4 lists the contractility pattern of myocardial segments from left ventricular angiograms and the results of left ventricular ejection fractions. Of nine patients from group 1, six (67%) had normal left ventricular segments and three (33%) had abnormal segments. Twelve (86%) of the 14 patients from group 2 had normal left ventricular segments and two (14%) left coronary artery; LAD = left anterior descendcollateral; N = normal; TEDY = increased endhad abnormal segments. Although there was no significant difference in the number of abnormal segments between group 1 and group 2 (table 4) (p = NS), the number of patients with abnormal segments was too small to rely on its statistical value. The mean ejection fraction in group 1 was 73 ± 10% and 68 ± 6% in group 2 (p = NS) (table 4).
Left Ventriculography
Discussion
The prevalence and significance of ventricular arrhythmias have been shown to be related to the extent of coronary artery disease and wall motion abnormalities in patients with angina pectoris.22 We did not find a similar relationship between the extent of cor-VOL 60, No 6, DECEMBER 1979 onary disease and arrhythmias in patients with VAP. However, the presence of arrhythmias correlates with the severity of ischemia measured by ST-segment elevation and AR during episodes of VAP.
Electrocardiographic and Hemodynamic Changes in VAP
According to several investigators, the degree of ST-segment elevation correlates with the severity of ischemia. Experimental work with dogs performed by Ekmekci23 showed that complete ligation of a major coronary artery produces the highest ST-segment elevation in the central part of the ischemic area. When the central area is rendered less ischemic, STsegment depression occurs. As noted previously,1 23 ST-segment deviation reflects myocardial ischemia. ST-segment elevation indicates a more severe degree of ischemia than ST-segment depression. The Myocardial segments* Normal 6 (67%) 12 (86%) Hypokinetic 1 (11%) 0 (0%) Akinetic 2 (22%) 2 (14%) Dyskinetic 0 (0%) 0 (0%) Total patients 9 14 *p = NS (>0.05) compared with group 2. Group 1 patients had arrhythmias; group 2 patients did not have arrhythmias. tricular impairment is manifested by increased enddiastolic pressure and decreased maximal dP/dt. The former is probably related to impaired relaxation and the latter to impaired contractility. This change results in reduction of mean systolic ejection rate, cardiac output and arterial hypotension. The appearance of a prominent R wave during episodes of VAP might be explained by changes in left ventricular volumes during ischemia. Brody29 postulated that the R-wave amplitude will decrease as left ventricular blood mass decreases. Although this study was performed in the open-chest dog with an epicardial electrode, the role of intracardiac blood mass upon R-wave amplitude was later confirmed in further animal experiments.'0-32 These studies indicate that an increase or lack of change in R-wave amplitude during exercise stress testing reflects ventricular dysfunction with elevated left ventricular systolic and diastolic volumes, probably accompanied by severe and multiple coronary artery obstructive disease. A decrease in R-wave amplitude during exercise is associated with normal or minimal left ventricular dysfunction and is conspicuous in patients with no disease or single-vessel disease. No correlation was found between the magnitude of ST-segment elevation and R-wave changes, which suggests that different operational factors affect them.
Arrhythmias During VAP
There appears to be no correlation between arrhythmias, preexisting coronary artery disease and resting left ventricular function in VAP. Thus, the sudden, transient, severe coronary spasm producing a profound degree of ischemia may play the most important role in the genesis of the arrhythmias. However, the mechanism of arrhythmias in VAP is unknown. Transient ligation of the coronary artery produces significant ST elevation at epicardial sites, accompanied by profound metabolic derangement (including accumulation of high levels of lactate, depletion of ATP and creatine phosphate), which indicates a pronounced anaerobic stress.3" The ischemic myocardium has been shown to be the site of a temporal dispersion of refractoriness, thus predisposing to reentrant arrhythmias.
It appears that an ST-segment elevation of > 0.4 mV clearly separated patients with arrhythmias from those without arrhythmias. The results of our study must be interpreted with caution because all of the episodes of clinical VAP were not documented electrocardiographically. The existence of a correlation between the degree of ST-segment elevation and arrhythmias in patients with VAP did not seem to be fortuitous, as shown by the presence of arrhythmias in two of our patients with recurrent episodes of VAP. One patient developed arrhythmias with the same STsegment elevation, while the second had ventricular tachycardia accompanied by a higher ST-segment elevation. By contrast, five patients without arrhythmias who had ST-segment elevation < 0.4 mV did not develop arrhythmias during repeated episodes of VAP with ST-segment elevation < 0.4 mV.
Selzer and co-workers39 reported that patients with VAP and ST-segment elevation in the inferior leads are likely to have normal coronary arteriograms, ischemia-dependent atrioventricular block and bradycardia; the anterolateral leads are involved when coronary disease and ventricular tachycardia or fibrillation are present. We and others40 have not determined the location of ST-segment elevation to be a predictive factor, having observed patterns with and without coronary artery disease.
We have not found that the specific types of arrhythmias are predictive in distinguishing patients with normal coronary arteriograms from those with significant coronary disease. Ventricular tachycardia or fibrillation was equally present in groups of patients with and without coronary disease. Advanced degrees of atrioventricular block are an infrequent complication in VAP.1 A high-degree atrioventricular block was reported in patients with electrocardiographic alterations limited to the diaphragmatic leads, thus implicating the right coronary artery.", 6 9 Patient no. 7 developed a high-degree atrioventricular block with ST-segment elevation in lead V2. Most likely, the anterior ischemia produced conduction dysfunction below the His bundle.
Clinical Implication
Coronary vasodilators such as nitroglycerin and the calcium antagonists represented by Nifedipine are helpful in preventing episodes of VAP.41 Alphaadrenergic blockade with phenoxybenzamine has also been effective in controlling VAP. 42 On the other hand, propranolol tends to aggravate attacks of VAP. 42 Our study reveals that arrhythmias are related to the degree of ST-segment elevation, which may well reflect the severity of ischemia. Therefore, it is likely that nitroglycerin and Nifedipine will be most beneficial in preventing the arrhythmias as well as the episodes of VAP. The role of the antiarrhythmic agents in preventing arrhythmias in VAP has yet to be established. (LVH). The ECG is well recognized as a clinical tool for the diagnosis of hypertrophy and has been used to demonstrate an increase or decrease in the degree of LVH accompanying change in clinical status. However, previous efforts to determine a significant correlation between degree of LVH and ECG measurements have had only limited success. Holt et al.1 reported a wide range of performance of various ECG criteria for the recognition of LVH. This may be attributed in part to the use of too few or inappropriate ECG leads that may not provide all the electrical information which is obtainable from the body surface. In addition, comparative studies have been inconclusive either because the various lead systems may not have been recorded in the same patients, or because an independent and accurate measure of muscle weight was not available, or because of the lack of uniformity in the statistical methods used. In this study we compare several lead systems -
